European Union (EU) Clinical Trials Regulation 536/2014, expected to come into force in 2019, provides for a streamlined single EU application for cross-border clinical trials and enhanced transparency of results. The status of the Regulation in post-Brexit UK is uncertain. Matters of regulatory alignment will be covered by agreements on the future EU-UK relationship. In the short term, implementation of the Regulation in the United Kingdom depends on the Brexit model and timing of the Regulation's implementation. The EU (Withdrawal) Act will convert EU law into UK law, including the vast array of EU life sciences regulation. However, the Regulation is likely to be implemented after the United Kingdom leaves the EU, but within the transition period. If the United Kingdom is not part of the legal framework governing clinical trials in the EU, then the United Kingdom will still need to comply with the global framework set out in the International Council on Harmonisation if it wants to be part of trials of medicinal products for which marketing authorization will be sought for licensing in the European Economic Area. This article extols the virtues of harmonization with the EU and attempts to counter some of the media focus on the advantages of a deregulated bespoke approach.
Introduction
The Life Sciences sector turns over more than £60 billion per year and employs 220,000 people. 1 In her leadership campaign, Theresa May acknowledged: 'It is hard to think of an industry of greater strategic importance to Britain than its pharmaceutical industry'. industrial strategy white paper outlining additional support. 10 But regulatory uncertainties, including those surrounding the clinical trials industry, pose a risk to future development.
This article focuses on the implications of Brexit for clinical trials regulation (CTR) in the United Kingdom. Clinical trials are studies on human participants of the safety and efficacy of medicinal products. Clinical trials are sometimes conducted within a single nation, but larger randomized controlled trials often involve multiple nations. The United Kingdom seeks to attract investment from global biopharmaceutical companies, not least because of the economic advantages this brings but also because of the potential health advantages for research participants and future patients.
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As the clinical trials industry has become increasingly global in nature, national regulations have attempted to balance three potentially competing goals. First, patient safety must be assured through the application of international ethical standards. Second, regulation must be proportionate and efficient or risk disincentivizing industry if research could be conducted more swiftly and economically elsewhere. Third, the data generated must be sufficiently robust to feed into applications for marketing authorization. All medicines must be authorized before marketing, and in the European Union (EU), there are two main routes: The European Medicines Agency (EMA) operates a centralized single marketing authorization or, alternatively, national authorization is possible, in the United Kingdom's case, via the Medicines and Healthcare products Regulatory Agency (MHRA). Recognition by other national authorities of an assessment by a single member state is possible either under the mutual recognition procedure or, where the products have not yet received a marketing authorization, a decentralized procedure.
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Though there is a centralized process for marketing authorization, clinical trials of medicinal products must currently be authorized at the national level. EU law on clinical trials is currently governed by the Clinical Trials Directive 2001/20/EC. Each member state was required to enact legislation to implement the Directive, which the United Kingdom achieved via secondary legislation. 13 While the Directive had a harmonizing impact, it also, as we shall see, increased costly bureaucracy, so damaging the attractiveness of the EU (and the United Kingdom) as a location for cross-border trials.
To address these deficiencies, EU Clinical Trials Regulation 536/2014 was formally adopted by the European Parliament and the Council of the EU in 2014. Though applicability and do not require member states to enact national legislation to bring them into force in domestic law. The CTR seeks to make the EU a safe and attractive place to conduct clinical trials, promising to streamline the process for authorizing clinical trials across the EU, improve consistency and transparency and enhance efficiency through tighter deadlines. At the heart of the new regime will be a new Clinical Trials Portal and Database which will serve as a single-entry point for submission of data and information relating to clinical trials required by the CTR. Member states will cooperate in the assessment of proposed trials, and there is provision for each state to individually assess certain issues of an ethical or local nature, such as compensation and certain informed consent requirements. The database and portal will be set up by the EMA. Currently based in London, the EMA will relocate to Amsterdam when the United Kingdom exits the EU. 14 This article raises three questions. How accurate was the pre-referendum debate on clinical trials? What are the advantages of compliance with the CTR? And is compliance legally and politically possible? None of these questions can be answered definitively at this stage, but it is hoped that by posing the questions and outlining potential responses, the advantages of a harmonized approach can counter some of the media portrayals that denigrate EU regulation of clinical trials in favour of a deregulated bespoke approach.
The pre-referendum debate
Inconsistencies in national legislation implementing the EU Clinical Trials Directive 2001 coupled with a risk averse and bureaucratic approach resulted in multiple applications where the research crossed borders, conflicts between ethics committees and a lack of transparency of results. Clinical trials applications in the EU fell by 25% from 2007 to 2011 15 as the EU became decreasingly attractive to scientists. 16 Problems were exacerbated in the United Kingdom due to 'gold-plating' the requirements of the Directive in order to better protect research participants, for example, by imposing limitations on emergency research and trials involving vulnerable participants. 17 to cure terrible diseases'. 18 Upon exit from the EU, the United Kingdom would be able to amend the domestic regulations that give the EU Directive force. Visions were presented of Britain as a world leader in healthcare research, finally free of European 'shackles'. 19 Appeals to 'take back control' were reiterated post-referendum. 20 There were calls for regulatory reform to make the United Kingdom a global leader in research, limit complexity and cost and to reduce emphasis on the precautionary principle. 21 Certainly, Brexit brings new opportunities for a distinct approach. Theresa May has promised that post-Brexit: 'Parliament will be free -subject to international agreements and treaties with other countries and the EU on matters such as trade -to amend, repeal and improve any law it chooses'. 22 But is a distinct approach desirable? There are at least three potential advantages to amending any inherited regulations on clinical trials: the advancement of medicine, the securement of competitive advantage and the enhancement of the protection and safety of trial participants through a more precautionary approach.
The challenge in research regulation is to achieve a facilitative and proportionate approach that meets the highest ethical standards. 23 While checks and balances in research seem intuitively to be commended, obstacles to research, including unnecessary bureaucracy, deter funders and undermine the health and longevity of future patients. Unnecessary inefficiencies are unethical, but assessments of necessity and proportionality are subjective. Controversy is evident in the array of conflicting international rules, guidelines and standards. Post Brexit, (de)regulation might be utilized to remove obstacles to research in response to economic pressures, reduced EU influence and the legacy of the maligned EU Clinical Trials Directive. There is wide agreement that the conservative and risk averse Directive got it wrong, 24 but using the Directive as an argument for leaving the EU was disingenuous, given its imminent replacement by the new CTR, over which the United Kingdom exercised considerable influence within the EU's legislative process.
The benefits of compliance with the CTR
The CTR addresses many of the deficiencies of the Directive. The United Kingdom took an active role in negotiating the terms of the CTR. Lobbying during draft stages resulted in amendments that met many of industry's concerns. 25 The rights, safety, dignity and well-being of research participants remain the priority, but the efficiency, reliability and robustness of the data generated are given enhanced prominence. Let us not forget that the CTR is a response to declining clinical trial numbers and rising costs. 26 The Directive's one-size-fits-all approach is replaced by a proportionate regime for low-risk trials, at least where the trial concerns medicinal products that are already authorized or are used off-label with a sufficient evidence base. In addition, the rules on informed consent are reformed, 27 with modified approaches applying to cluster trials 28 and research where it is difficult to obtain prior consent, such as trials of emergency medicine.
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A minority of commentators argued that the new CTR will not do enough to facilitate research. Writing in the Telegraph, Professor Dalgleish, a campaigner for Britain to leave the EU, wasted no remorse on the 'stifling EU world of committees and lobbyists that we are leaving behind' and welcomed a new era in which Britain can 'throw off the shackles of EU regulation in clinical research and fully rejoin the experimentation culture of the anglosphere -and America-led-research'. 30 But derogating from the CTR's protections of research participants in order to further facilitate research would exacerbate concerns around participant protection and potentially risk the United Kingdom's reputation on research ethics and integrity. Some commentators have argued that the new CTR already places too much emphasis on facilitation of research, exposing trial subjects to unacceptable levels of risk. Shaw and Townend argue that the simultaneous approval of science and ethics will reduce bureaucracy but hamper ethics committees 31 ;
25 and Westra fears that assessing risk 'in comparison with the standard treatment of the subjects' condition' raises the potential for exploitation of vulnerable research subjects: 32 Where the standard treatment poses significant risk, there is potential to exceed the levels of risk set out in international guidance, such as the Declaration of Helsinki.
Pre-referendum, support for the 'remain in the EU' campaign from pharma 33 demonstrated confidence in the CTR, which promised improved cross-border collaboration whereas separation from Europe threatened disruption, inconsistency and reduced funding, partnerships and researcher mobility. The Association of the British Pharmaceutical Industry (ABPI) emphasized the importance of long-term access to European funding and regulatory alignment, 34 and the House of Commons Select Committee warned of the need to balance opportunities for reform with the benefits of consistency:
By harmonising the procedures under which research is conducted, EU regulation can foster crossborder collaborations. These multiple state collaborations are evident at least in the conduct of clinical trials, for example, and setting up such trials through a system where permission needed to be sought country by country would likely introduce even more delay and bureaucracy than the current EU system. 35 The United Kingdom's post-Brexit alignment with the CTR would enhance consistency, though Lepola et al. have argued it does not go far enough. As the CTR applies only to investigational medicinal products, a vast array of other healthcare research remains subject to different (national) regulations, paediatric research may be hampered by variation in the legal definition of 'minor', 36 and there is ostensibly a lack of detail in relation to the regulation of ethics committees and consent/assent requirements which could hamper cross-border trials. If these criticisms are heeded, the result might be an extension rather than diminution of the harmonization agenda.
Perhaps, the most persuasive argument for alignment with the CTR is the effect inconsistency might have on marketing authorization. Many trials conducted outside the EU are used in licensing applications for marketing authorization in the European Economic Area (EEA). 37 If a trial is to lead to marketing authorization for medicines in 41 Because clinical trials data are included in the application for marketing authorization, the principles developed by the EU extend to any country conducting clinical trials that hope to later market that drug in the EEA. 42 Derogation from these principles would lead to a limited market at significant cost to the economy. To get a product to the market, a company would have to go through a separate process for the EU 27, which represents, in terms of the global pharmaceutical market, 23%, and a separate process for the UK market, which represents 3% if we diverged.
Available at: http://data.parliament.uk/writtenevidence/committeeevidence.svc/ evidencedocument/health-and-social-care-committee/brexit-the-regulation-of-medicinesmedical-devices-and-substances-of-human-origin/oral/77523.html (accessed 20 April 2018).
United Kingdom and the rest of Europe could lead to isolationism. 44 It is of dubious logic to suggest that we might be free of European 'shackles' if doing so will also divest the United Kingdom of marketing potential.
Legal and political barriers
The previous section advanced an argument that there is much to be gained from aligning the United Kingdom's regulatory position with the CTR. This section asks: How will potential Brexit models affect its implementation? Here it is important to distinguish between the short/medium term and the longer term. Brexit is planned to take place in three stages consisting of withdrawal, transition and a new UK-EU relationship. Even if withdrawal and transition are agreed, a 'disruptive Brexit' in which negotiations break down remains possible. In that event, World Trade Organisation law would govern trade with resulting uncertainty for the trade and movement of pharmaceutical and medicinal products in the EU. The Health Committee has expressed concern at the lack of apparent negotiations to prevent disruption to the supply chain in the event of a disruptive Brexit. 45 There is evidence that one company, GlaxoSmithKline, has already invested £70 million in contingency planning -money that has been diverted from research. 46 
Withdrawal and transition
The Article 50 exit negotiations must be concluded by 30 March 2019, and embodied in a legally binding Withdrawal Agreement, unless the EU27 and the United Kingdom agree to an extension. The United Kingdom has requested an 'implementation period', also to be covered by the Withdrawal Agreement, which will take the form of a 'transition' that will last from the likely Brexit day on 29 March 2019 to 31 December 2020. In March 2018, a draft Withdrawal Agreement was published. 47 A Withdrawal Agreement and Implementation Bill will seek to implement the Agreement, financial settlement and transition arrangements. Post-referendum, it initially seemed that the United Kingdom would focus on amending existing national legislation based on the Clinical Trials Directive (through the UK Medicines for Human Use (Clinical Trials) Regulations 2004 49 ). However, a regulatory black hole has been averted by the announcement of a Great Repeal Bill, officially known as the EU (Withdrawal) Bill. 50 The Bill repeals the European Communities Act 1972 and brings EU legislation into domestic UK law as a new source of law. Provided agreement is reached on withdrawal, will the CTR become part of 'retained EU law' under the (yet to be adopted) EU (Withdrawal) Act? The CTR was adopted, before the referendum vote, in 2014. Nonetheless, it is unlikely that the CTR will be caught by the Bill as it currently stands. While the Bill makes clear the intention to implement EU regulations, 51 it only captures regulations that have 'effect in EU law immediately before exit day'.
52 Initially, the aim was for the CTR to be in place by October 2018 with Brexit scheduled to take place by 29 March 2019 (unless an extension is agreed). David Davis, the Brexit Secretary, assumed that the CTR would be captured by the EU (Withdrawal) Act 53 and that thereafter revision will be possible:
The UK successfully applied sustained pressure to reform the current [Clinical Trials] directive in the best interests of patients and business. We will follow the EU rules until the point of exit, and those new rules will come into effect shortly. The Great Repeal Bill will convert EU law as it applies, including EU regulations, into domestic law on exit. If needs be, we can reform the regulations after that. 54 Alas, in its June meeting, the EMA Management Board announced that the application of the CTR was postponed due to technical difficulties with the IT systems that will underpin the portal and database. 55 The CTR will now be implemented 'in the second half of 2019' 56 and is therefore unlikely to be implemented (and thus incorporated into UK law) in time for the likely Brexit day.
From the EMA's perspective, the expectation at the time of writing is that the United Kingdom becomes a 'third country ' extended cooperation during transition. 58 The transition period, referred to in the draft Withdrawal Agreement, will require continued application of existing and new EU laws, subject to certain exceptions and consultation expectations. 59 Assuming adherence to the proposed timetable, the CTR would be implemented during the transition period. The likelihood then is that the CTR would be one of the EU laws with which the United Kingdom is required to comply. However, the mechanism by which it will be given effect in domestic law post-transition is currently unclear. It is likely to be achieved via the promised Withdrawal Agreement and Implementation Bill and potentially through the amendment of the EU (Withdrawal) Bill. 60 If the CTR implementation timetable should slip beyond the transition period, then specific regulation will be required to bring it into UK law.
In April 2018, uncertainty around the application of the CTR in UK law led to a proposed amendment to clause 3 of the EU (Withdrawal) Bill to state: 'For the purposes of this section, the Clinical Trials Regulation (2014/536) is deemed to be operative immediately before exit day, and therefore it forms part of retained EU law'. 61 The clause elicited the following response from Baroness Goldie:
I can provide noble Lords with the strongest possible reassurance on the UK's commitment to implement the CTR. If the CTR comes into force during the implementation period, as it is currently expected to do in March 2020, it will apply to the UK. If this opportunity does not come to pass, the Government will seek to bring into UK law all relevant parts of the EU regulation that are within the UK's control. 62 In light of government commitment to bring into UK law those parts of the CTR under UK control, the amendment was withdrawn. Various models have been mooted. If (like Norway) the United Kingdom remains in the EEA, then the United Kingdom would remain committed to freedoms of goods, persons, services and capital. Change would be minimalized. In the event of a 'harder' Brexit, 63 the United Kingdom might still (like Switzerland) retain limited access to the single market via a series of bilateral agreements, though the EU has so far proved resistant to such an approach. The United Kingdom could trade with the EU, but would not automatically be subject to EU legislation that goes beyond compliance with single market rules (e.g. on free movement of goods and persons). Breach of the agreements on the Switzerland model would lead to severe penalties, and there is concern that adopting a similar model would not give the United Kingdom sufficient control. Canada's free-trade deal with the EU imposes more limited obligations but is less comprehensive. A bespoke model capturing Norway's beneficial access and Canada's limited obligations may be too much to hope for, given the EU's stated negotiating position to the effect that an 'out-but-in' Brexit would be allowing Britain to 'have cake and eat it'. 64 All EU member states are part of the EMA, and EEA countries access the EMA's centralized marketing authorization procedures but lack a decision-making role. There is hope that the United Kingdom will retain access to EMA processes, but this potential and the precise form access would take, is subject to negotiation. 65 Current indications signal a more distant relationship with the EMA, which issued a notice in 2017 preparing for the consequences of the United Kingdom's withdrawal. 66 The Secretary of State for Health has reportedly said: 'I do not expect us to remain within the European Medicines Agency, but I am very hopeful that we will continue to work very closely with the EMA'. 67 Models exist for collaboration between the EMA and Switzerland, the United States and Canada, which may provide a basis for the United Kingdom's future relationship. 68 In March 2018, Theresa May stated her intention to 'explore with the EU, the terms on which the UK could remain part of EU agencies such as . . . the EMA'. 69 Associate membership would, May recognized, involve a financial contribution and adherence to EMA rules. It is, she said 'the only way to meet our objective of ensuring that these products only need to undergo one series of approvals, in one country' and would ensure continued investment in UK biopharmaceuticals. May emphasized the potential for mutual EU benefit given the expertise of the UK's universities, and the experience of the UK regulator, the MHRA which currently deals with authorizations for products that will be licensed in the United Kingdom.
EU-UK relationship
The EMA currently subcontracts around 30% of its work to the MHRA. In April 2018, the EMA set out plans to redistribute the United Kingdom's portfolio of centrally authorized products at post-authorization stage. 70 This signals a readiness for separation and a reluctance to postpone action until negotiations are concluded. However, it does not rule out an aligned licensing process that may be created by expanding the remit of the MHRA. A Trade Agreement embodying mutual recognition would facilitate alignment and stability. But the United Kingdom would lose significant influence in the development of future regulations and standards.
A more arms-length relationship with the EMA could allow the United Kingdom wide freedoms to adapt and amend EU laws transferred into UK law via the EU (Withdrawal) Act. It could bring opportunities, such as the ability to respond swiftly to the development of new technologies. 71 The United Kingdom might seek closer alignment with the US Food and Drug Administration, but it has been argued that this would be 'time-consuming and costly'. 72 Alternatively, an entirely bespoke system is possible, but the complexity of such a task makes it highly unlikely in the short term. 73 Misalignment with the EMA carries risks of added bureaucracy, delay and costs to market access. 74 A hard Brexit could be disruptive to multicentre trials if separate approvals are required in the EU and United Kingdom. This is particularly so if access is denied to the EMA portal and database. Access is not secured by the United Kingdom's alignment with the CTR but is dependent on negotiations. The government's current advice to pharmaceutical companies is to 'prepare for all scenarios'. 75 The Scottish Health and Sport Committee heard evidence that the EU's portal was of 'crucial importance'. Shona Robison, Cabinet Secretary for Health and Sport, said: 'Anything short of access to the EU clinical trials portal will be a disaster: we need absolutely to secure that'. 76 But the EU27 are keen to ensure that the United Kingdom does not secure the advantages of EU membership without the associated burdens. 77 Access is by no means certain.
Conclusion
There has been an overall decrease in UK employment by global biopharmaceutical companies over the last 10 years, 78 which the UK government seeks to reverse. Brexit poses a potential threat to this goal and yet, the Brexit vote has not halted investment in the UK clinical trials industry. 79 In the short-term, the emphasis is on stability. The longer-term picture is harder to predict. The ABPI believes that collaboration and open science will lead to new opportunities post-Brexit. Many of those opportunities flow not from regulatory reform but from developing capacity, capability and sustainability through better integration of the National Health Service into research. 80 Because these are matters of national competence, Brexit will have no direct effects on those policy and legal changes.
The proclamations in the broadsheets that the United Kingdom will be free of the shackles of European regulation are based on an EU CT Directive that is imminently to be replaced by a new EU CTR. This article has argued that a failure to implement a smooth regulatory transition poses a significant threat to the United Kingdom's ability to maintain and enhance its position in the global clinical trials industry. The United Kingdom's part in the negotiations of the new CTR helped ensure its proportionality and efficiency. A failure to align UK regulation with the CTR, both in the short/medium term and in the longer term, would limit cross-border collaboration and potentially divest the United Kingdom of the many practical advantages of the proportionate regulatory system it encapsulates. The British Medical Association has warned of the dangers of reduced collaboration including delayed access to new medicines caused by increased burden on the MHRA and prioritization by pharmaceutical companies of the more streamlined EEA market, weaker pharmacovigilance and loss of expertise in regulatory processes. 81 The timing of the CTR's implantation may mean that it is not automatically incorporated in the implementation of directly applicable EU law under the (yet to be implemented) EU (Withdrawal) Act. It might still be incorporated through the transition arrangements via the proposed Withdrawal Agreement and Implementation Bill. But the problems do not end with adoption of the CTR. At the time of writing, the United Kingdom's ongoing relationship with the EMA is uncertain. If the United Kingdom is not fully integrated within the EMA, then aligning a new, separate route to authorization via the MHRA would be of benefit to the EU as well as the United Kingdom. The United Kingdom's strong global reputation in the life sciences, the large population, small geographical area and the existence of the NHS and NHS number make the UK an attractive location for multicentre trials and their future inclusion in applications for marketing authorization. Brokering a deal for the United Kingdom to access the Portal and Database would be of mutual benefit. In theory, this could be achieved as part of transition, under the Withdrawal Agreement, but political practice suggests that there is insufficient time to achieve this goal, given the other, highly complex, matters that need to be resolved for the Withdrawal Agreement to be adopted as a binding legal text: The CTR is but one of around 12,000 EU regulations. 82 An EU-UK Agreement to this effect applicable post-transition would need to be negotiated separately, taking into account the EU's competences to enter into international treaties with 'third countries'.
